Among the Krebs cycle components, just citrate enhances the fluorescence of a new bi(brachial) lariat aza-crown containing appended naphthalene fluorophores.
In recent years a great deal of experimental work has been devoted to molecular fluorescent chemosensors bearing polyamine chains as receptor units. The polyamine chains are extremely versatile, because depending on the protonation degree of the amine nitrogens, these receptors can bind either metal ions or anions.
1
Although the number of available selective molecular chemosensors for metal ions is very large, there are not so many cases reported for the selective detection and/or quantification of anionic species.
2 A very important application of fluorescent chemosensors is Fluorescent Imaging, a powerful tool for visualizing the distribution of species in samples, with many applications in biological systems. 3 In this respect, the possibility of discriminating one of the substrates among the others intervening in a metabolic route is very appealing. Several groups have advanced our knowledge on the recognition of citrate. 4 Many of these works are based on positively charged, hydrogen bond groups or unsaturated metal centres coordinated to 1,3,5-trialkylbenzene scaffolds which direct such units towards the same side of the benzene ring adopting a ''fly-trap'' conformation. In this communication we report on a new molecular structure that presents a specific fluorescent response for citrate in the 5-8 pH range. The other Krebs cycle components do not alter the fluorescence of the receptor at any pH. Receptor (1) belongs to the category of bibrachial lariat aza ethers 5 and is built up by 2 + 2 condensation of two (2-aminoethyl)amine (tren) units each of which is functionalised with a methylnaphthylgroup, with 2,6-pyridinedicarbaldehyde. This macrocycle can adopt folded conformation with the two naphthylmethyl moieties capping upwards and downwards the macrocyclic cavity which would allow for a high interaction with encapsulated anionic substrates. 6 The fluorescence emission of chemosensor (1) is reported in Fig. 1A . The general pattern of the spectra is similar to other bisnaphthalene systems linked by a polyamine chain, previously reported; a main band centered at 323 nm, characteristic of the monomer naphthalene emission, accompanied by a broad and red shifted band that can easily be assigned to the excimer emission. 6 As shown in Fig. 1A , addition of DL-isocitrate does not affect the shape and intensity of the spectrum. In contrast there is a significant increase of the fluorescence emission upon addition of citrate. The variations of the emission intensity in both monomer and excimer bands permit the calculation of the association constant between citrate and (1) at pH = 6 log K = 4.9 (Fig. 1 ). Fig. S1 . Titration of compound (1), in the presence of the Krebs cycle components; Table S1 . Intensity emission coefficients in the absence and presence of citrate; Fig.  S2 . Trajectories along the molecular dynamics calculations; Table S2 . Stability constants of Krebs cycle compounds; Table S3 . Protonation constants of Krebs cycle compounds. Experimental part on the potentiometric and photochemical measurements, molecular dynamics and comments on detection limit. See DOI: 10.1039/b607139b
Scheme 1 Chemosensor (1).
The experiments reported in Fig. 1 were also carried out for the other species present in the Krebs cycle, a-ketoglutarate, succinate, fumarate, L-malate and oxaloacetate. In all cases no modifications in the emission spectrum of compound (1) were observed, see also Fig. S1{ where the titration curves are presented. The main species responsible for the enhanced emission of (1) in the presence of citrate are H 6 (1)A 2+ and H 5 (1)A 2+ (A = citrate) as shown in Fig. 2 where the fitting of the fluorescence vs. pH curve has been performed taking into account the speciation studies performed by pH-metric studies (vide infra and Table S1{ for the fitting coefficents). The detection limit was calculated to be 10 micromolar corresponding to ca. 2 ppm, on the basis of a 10% error on the intensity of the emission signal (for quantitative comparisons see Supporting Material{). In spite of the lack of variation in the emission spectrum of (1) upon addition of the other components of the Krebs cycle, preliminary pH-metric titrations show that (1) interacts to an important extent in water with all of them (Table S2{) . 7 Moreover, even though citrate is a tricarboxylic acid, it is one of the substrates having lower interaction with (1). Therefore, the magnitude of the binding constant does not seem to be a key point for explaining the luminescence of the system. In order to have an enhanced fluorescence at pH 6, the amino groups in the pendant arms of (1), which are the closest ones to naphthalene should be protonated at this pH preventing therefore the photoinduced electron transfer from the amines to the excited fluorophore. Hydrogen bonding between such ammonium groups and appropriately arranged acceptor groups may explain this behaviour. Citrate due to its bigger size and molecular structure would stay above the macrocyclic ring, blocking the arms through hydrogen bonding. This placement above the ring would on the other hand, explain the values of the binding constants found for the system. The smaller Krebs cycle components like succinate and L-malate would be in closer proximity to the macrocyclic cavity, gaining in affinity but losing efficiency in the formation of hydrogen bonds with the arms. The different arrangement of the functional groups in DLisocitrate would also permit a closer approach to the macrocyclic ring as denoted by its much higher affinity constants. 
